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(54) Hydrogen generation system and fuel cell system having the same 



(57) To provide a hydrogen generation system wjtti 
which thermal efficiency increases, the CO level in a re- 
formed gas stabilizes, and a supply amount of the re- 
formed gas stabilizes, and a fuel cell system havmg the 
same. 

A holJow cylindrical reformer 10 surrounds a com- 
bustion chamber 17, A hollow cyNndncal combustion 



gas passage 12 ts fitted around the reformeno. A hol- 
low cyjindrical evaporator 28 Is fitted around the com- 
bustjon gas passage 12. The evaporator 2B Is coaxial 
with the combustion cylinder 17. The evaporator 28 is 
formed of a first evaporator section 1 8 and a second 
evaporator section 22 that is separated from the first 
evaporator section 1 8 via a partition wail 21 , A plurality 
of openings 23 are formed m the partition wall 21 . 
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Description 

[0001] The present Invention relates to ahydrogen 
generation system that Is used to produce a hydrogen- 
rich reformed gas to be supplied to a fuel cell, and a fuel 
cell system having such a hydrogen generation system. 
[0002] Fuel cells require a supply of a hydrogen-rich 
gas to produce electricity. One conventional example of 
a hydrogen generation system that generates gas for- 
such purposes includes a coiled tubing evaporator in a 
descending spiral where steam is generated for refor- 
mation {see, for example, Japanese Patent Lajd-Open 
No. 2000-281311). Fig. 5 is across-sectional view which 
schematically shows a configuration of this conventional 
hydrogen generation systGm. As shown in Fig, 5, the 
conventional hydrogen generation system comprises a 
hollow cylindrical reformer 1 and a burner 2A. The re- 
former 1 Is filled with catalyst particles or peliets. The 
burner 2 functions as a burning unit to heat the reformer 
1 . The above-mentioned coiled tubing 3 is placed inside 
a combustion cylinder 2B that is arranged within the re- 
former 1 over the burner 2A. The outlet end of the coiled 
tubing 3 is connected to a steam supply tubing 4. The 
steam supply tubing 4 is connected to a feed supply tub- 
ing 7 which becomes a mixed gas flow tubing 8. The 
mixed gas flow tubing 8 is connected to a mixed gas 
chamber 9 that is disposed overthe combustion cylinder 
2B, A reformed gas passage 6 is fitted around the re- 
former 1 for the flowing of the reformed gas. A combus- 
tion gas passage 6 is fitted around the reformed gas 
passage 5, 

[0003] In the conventional hydrogen generation sys- 
tem having the above-mentioned conllguratlon, water Y 
for the reforming process flows into the hydrogen gen- 
eration system through the upper portion of the coined 
tubing 3 and is heated by combustion gas when it runs 
through the tubing. The heated water is converted into 
a gas-liquid two^Dhase flow state and then into steam. 
The steam is fed to the steam supply tubing 4„ The 
steam that is supplied to the steam supply tubing 4 is 
mixed wtth a feed matenal X flowing through the feed 
supply tubing 7. The mixture is then supplied to the 
mixed gas chamber 9 via the mixed gas flow tubing 8. 
The steam and the feed material X m the mixed gas 
chamber 9 are then supplied to the reformer 1 where 
they are reformed into a reformed gas by steam refor- 
mation. The reformed gas is exhausted to the outside 
through the reformed gas passage 5. The combustion 
gas generated by the burner 2A is used to heat the 
coiled tubing 3 and the reformer 1 and is then exhausted 
to the outside through the combustion gas passage 6. 
[0004] However, the above-mentioned conventional 
hydrogen generation system has the problem of signif- 
icant release of beat to the surrounding due to the out- 
ermost placement of the combustion gas passage 6. 
lowering the thermal efficiency of the system. 
[0005] Furthennore, the steam generated In the 
coiled tubing 3 flows through the steam supply tubing 4 



which runs inside the system to the reformer 1. The 
steam supply tubing 4 dissipates a large amount of heat, 
which further lowers the thermal efficiency. 
[0006] in addition, the hot combustion gas heats the 

5 coiled tubing 3. This tends to cause a so-called '*dried 
out" state under which no waier is present within the 
coiled tubing 3, with the possibility of ebullition that caus- 
es intermittent evaporation. The steam expands rapidly 
through char^ge of state from a liquid to a vapor This 

^0 suddenly increases resistance in the tubing. If water 
comes to ebullition again and again, the supply pressure 
of the water Y fluctuates greatly. This results in fluctua- 
tion in supply amount of the water Y and, in turn, fluctu- 
ation in supply amount of steam. The fluctuation in 

^5 amount of steam for the catalysis in the reformer 1 ex- 
hibits probJems with a higher tendency to cause fluctu- 
ation in the level of carbon monoxide (CO) in the re- 
formed gas. Varying flow rate of steam causes fluctua- 
tion in supply pressure of the feed material X because 

20 the steam flowing through the steam supply tubing 4 is 
mixed with the feed material X and is then supplied to 
the reformer 1 . This fluctuates the ffow rate of the feed 
material X, varying the flow rate of the reformed gas to 
the fuel cell. Such variation results in unstable power 

55 generation in the fuel ceiL 

[0007] The present invention was made with respect 
to the above-mentioned circumstances, and an object 
thereof is to provide a hydrogen generation system with 
which thermal efficiency increases, the CO level in the 

50 reformed gas stabilizes, and a fixed supply amount of 
the reformed gas can be achieved. 
[0008] In order to solve the above-mentioned prob- 
lems, a hydrogen generation system according to the 
present invention comprises a burner unit that gener- 
is ates combustion gas; a combustion gas passage 
through which the combustion gas generated by said 
burner unit flows; a reformer for generating a reformed 
gas that contains hydrogen by steam refomning from a 
feed material and steam using the heat from the com- 

40 bustion gas, the feed material containing a compound 
mad© up of at least carbon and hydrogen; and an evap- 
orate r for evaporating water from outside into steam us- 
ing the heat from the combustion gas flowing through 
said combustion gas passage, to supply the steam to 

45 said reformer, wherein said combustion gas passage is 
arranged to cover at least a portion of an outer surface 
of said reformer, and said evaporator is arranged to cov- 
er at least a portion of an outer surface of said combus- 
tion gas passage. 

^0 [0009] Thus, the reformer that undergoes the highest 
temperature is placed on the inner side and the evapo- 
rator that undergoes the lowest temperature Is placed 
on the outer side. The thermal efficiency can be In- 
creased as compared with conventional systems. 

55 [0010] in the hydrogen generation system according 
to the above-mentioned invention, it is preferable that 
said evaporator includes a first evaporator section hav- 
ing an inlet for water or steam, and a second evaporator 



2 



BNSDQClDi <EP_ 13244t4A3 ,t^> 



3 



EP 1 324 414 A2 



4 



section having an outlet for steam, the second evapo- 
rator section being disposed inside the first evaporator 
section and disposed outside said connbustion gas pas- 
sage, the first evaporator section and the second evap- 
orator section being separated fronn each other with a 
wall, the wall having at least one opening formed there- 
in. 

[001 1 J As apparent from the above, the first evapora- 
tion section is placed outside the second evaporation 
section where overheated steam is produced. Water, 
which Is a liquid, and saturated steam flow through the 
first evaporation section. The outside temperature of the 
first evaporation section [s about iOO'^'C or lower. This 
reduces the amount of heat released to the surrounding, 
further increasing the thermal efficiency. 
[0012J The steam produced in the first evaporation 
section passes through the opening and travels rapidly 
to the second evaporation section. As a result, the in- 
crease in pressure is much smaller that occurs during 
expansion of the steam in the first evaporation section. 
Thesupply.pressure of water fluctuates less, allowing a 
constant feed of the steam to the retonrier. Accordingly, 
a stable catalytic reaction occurs, stabilizing the CO lev- 
el in the reformed gas and the amount of hydrogen pro- 
duced, 

[0013] In the hydrogen generation system according 
to the above-mentioned invention. It is preferable that 
said evaporator has a hollow cyiindricaf space enclosed 
by an outer cylinder and an inner cylinder, the first evap- 
orator section and the second evaporator section being 
formed by placing a cylindrical wall in the hollow cylin- 
drical space. 

[0014] Furthermore, m the hydrogen generation sys- 
tem according to the above-mentioned invention, it Is 
preferable that the first evaporation section has a flow 
passage restrictor along the periphery thereof, the flow 
passage restrictor defining the flow passage for water 
or steam. In such a case, it is preferable that the flow 
passage restnctor defines a helical flow passage for wa- 
ter or steam. 

[001 5] This configuration improves water evaporation 

capacity, increasing the amount of steam available for 
steam reformation. Accordingly a higher feed conver- 
sion rate can be achieved to increase the amount of hy- 
drogen. 

[0016] Furthermore, \n the hydrogen generation sys- 
tem according to the above-mentioned invention, it is 
preferable that the first evaporator section has an inlet 
for the feed material. 

[0017] Moreover, in the hydrogen generation system 
according to Xh6 above*mentioned invention, it is pref- 
erable that a temperature sensor unit is provided In the 
vicinity of the lower end of said evaporator. 
[0018] Moreover, in the hydrogen generation system 
according to the above-mentioned invention, it is pref- 
erable that the hydrogen generation system is config- 
ured to allow heat exchange between the steam and the 
combustion gas in a path from an outlet of the steam 



formed in the second evaporation section to said reform- 
er. 

[0019] In addition, in the hydrogen generation system 
according to the above-mentioned Invention, It is pref- 
5 erable that a combustion gas passage is disposed out- 
side the first evaporation section. 

[0020] Furthermore, it is preferable that the hydrogen 
generation system according to the above-mentioned 
invention further comprises a water preheating unit for 

-io heating water or steam to be supplied to the first evap- 
oration section, using the combustion gas. 
[0021] /V fuel cell system according to the present in- 
vention comprises a hydrogen generation system ac- 
cording to Claim 1 ; and a fuel ceil that generates power 

^5 by combining oxidation gas reacting oxygen with re- 
formed gas supplied from said hydrogen generation 
system. Thus, the amount of power generation in a fuel 
cell can be stabilized. 

(0022] This object, as well as other objects, features 
^0 and advantages of the present Inver^tion will become 
more apparent to those skilled in the art from the follow- 
ing description taken with reference to the accompany- 
ing drawings. 

25 Fig. t Is a cross-sectional view that schematically 
shows a configuration of a hydrogen generation 
system according to a first embodiment of the 

present invention; 

Fig. 2 is a broken cross-sectional view showing a 
30 configuration of the hydrogen generation system in 
F^g. 1 at and around the lower left end thereof; 
Fig. 3 Is a cross-sectional view that schematically 
shows a configuration of a hydrogen generation 
system according to a second embodiment of the 
5^ present invention; 

Fig. 4 Is a cross -sectional view that schematfcalty 
shows a configuration of a hydrogen generatiofi 
system according to a third embodiment of the 
present Invention; and 

Fig. 5 is a cross-sectional view that schematically 
shows a configuration of a conventional hydrogen 
generation system. 

[0023] Specific embodiments of the present invention 
^5 are described below with reference to the drawings. 

(First Embodiment) 

[0024] Fig. 1 is a cross-sectional view that schemati- 
50 cally shows a configuration of a hydrogen generation 
system according to a first embodiment of the present 

invention. As shown In Fig, 1 , a hydrogen generation 
system 100 according to this embodiment comprises a 
burner 16 that generates combustion gas and a cylin- 
55 drical combustion chamber 1 7 that is placed above the 
burner 16. A hollow cylindrical reformer 10 is coaxialSy 
fitted around the combustion chamber 1 7. The reformer 
10 contains a catalyst bed filled with steam reforming 
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catBfyst, feed gas is steam reformed in the catalyst bed 
to generate reformed gas. 

[0025] A fuel cell 101 is disposed outside of tiie hy- 
drogen generation system 100. The hydrogen genera- 
tion system 1 00 and the fuel ceiM 01 forms the tuoi oeh 
system accordrng to the present invention. The re- 
formed gas generated in tlie refomier 10 is exhausted 
through a reformed gas discharge port 27 and Is sup- 
plied to the fuel cell 1 01 . 

[0026] A hollow cylindricaf reformed gas passage 11 
and a hollow cylindrical combustion gas passage 12 are 
coaxial with the combustion chamber 17. The refonried 
gas passage 11 is fitted around the reformer 1 0 to intro- 
duce the reformsd gas generated in the reformer 10 to 
the reformed gas discharge port 27. The combustion 
gas passage 12 fs fitted around the reformed gas pas- 
sage 1 1 and the combustion gas generated by the burn- 
er 16 flows through the combustion gas passage 12. 
The combystion gas passage 12 comprises a flow pas- 
sage defined by a hollow cylindrical heat insulating ma- 
terial 13 and a hollow cylindrical body 14 to guide the 
combustion gas to a combustion gas discharge port 15, 
[0027] Furthermore, a hollow cylindrical evaporator 
28 is fitted around the combustion gas passage 12 as 
the outermost component of the hydrogen generation 
system 100. The hollow cylindrical evaporator 28 Is co- 
axial with the combustion chamber 1 7. The evaporator 
28 is made up of a first hollow cyiindrical evaporator sec- 
tion 1 8 and a second hollow cylindrical evaporator sec- 
tion 22 that is separated from the first evaporation sec- 
tion 18 by a hollow cylindrical partition wall 21 , The sec- 
ond evaporator sectbn 22 is placed on the side of the 
combustion gas passage 12. The first evaporator sec- 
tion 1 8 IS placed on the outside of the second evaporator 
section 22through the partition wall 21 , as the outermost 
component of the hydrogen generation system 100. A 
feed inlet 19 and a water inlet 20 are provided in the 
upper part of the first evaporator section 18. The feed 
inlet 19 is for supplying, to the system, a feed material 
X that contains a compound made up of at least carbon 
and hydrogen. The water inlet 20 is for supplying water 
Y to the system. Examples of the compound that is 
made up of at least carbon and hydrogen include hydro- 
carbons such as methane, ethane, and propane, utility 
gas, natural gas, alcohols such as methanol, kerosene, 
and LPG (liquefied petroleum gas), A steam outlet 24 is 
provided m the upper part of the second evaporator sec- 
tion 22 to discharge the steam generated in the evapo- 
rator 28. The steam outlet 24 is connected to the reform- 
er 10 via a water vapor supply tubing 25. Thus> the 
steam that exits the steam outlet 24 is supplied to the 
reformer 10 through the water vapor supply tubing 26. 
[0028] The first evaporator section 18 communicate 
with the second evaporator section 22 via a pfuradty of 
openings 23. formed in the partition wall 21 and a com- 
munication section 26. This configuration \s described 
In detail wfth reference to Fig, 2, 
[0029] Fig. 2 is a broken cross-section al view showing 



a configuratron of the hydrogen generation system 100 
in Fig, 1 at and around the lower left end of it. As shown 
in Fig. 2, the partition wai^ 21 does not extend to the 
bottom v^atl 29 of the hydrogen generation system 100. 

5 A gap of a predetermined width is circumferentlaHy 
formed between the [ower end of the partition wall 21 
and the botiom wall 29. The gap serves as the commu- 
nlcatmn section 26 that communicates between the first 
evaporator section 18 and the second evaporator sec- 

^0 tlon 22. The openings 23 are formed in the partition waM 
21 at appropriate positions. The shape of the opening 
23 is not limited to a particular shape. The opening 23 
may have any one of suitable shapes such as a circle, 
an ellipse, an oval, and a rectangle, 

15 [0030] Next, operations of the hydrogen generation 
system 1 00 that is configured according to this embod- 
iment are described. 

[0031] The combustion gas generated by the bumer 
16 passes through the combustion gas passage 12 

20 while heating the reformer 10, the reformed gas pas- 
sage 11 , and the second evaporator section 22 in this 
order. The combusted gas is then exhausted to the out- 
side through the combustion gas discharge port 1 5. The 
water Y that is used for steam reformation in the reform - 

25 er 1 0 is fed from the outside through the water inlet 20. 
The water Y travels downward in the first evaporator 
section 18. The heat from the combustion gas flowing 
through the combustion gas passage 1 2 evaporates the 
water Y imo steam. The water Y Is evaporated by the 

30 used of the heat from the combustion gas. Thus, it is 
necessary to increase the amount of heat transfer from 
the ccMmbustion gas in order to ensure the evaporation. 
In order to Increase the amount of heat transfer from the 
combustion gas, the time required for the water Y to 

35 pass through the first evaporator section 18 maybe in- 
creased. To this end, it is desirable that the water inlet 
20 is placed as high as possible in the first evaporator 
section 18. 

[0032] The steam produced by the first evaporator 

-^0 section 1 8 moves to the second evaporator section 22 
through the openings 23 fonr^ed in the partition wall 21 . 
The portion of the water Y that is not evaporated in the 
first evaporator section 18 is collected at the lower end 
of the first evaporator section 1 8 and is also collected 

^5 at the lower end of the second evaporator section 22 
after being passed through the communication section 
26. As shown m f\g, 1 , the combustion gas flows from 
the bottom to the top of the second evaporator section 
22, This facilitates the heat transfer to the water Y col- 

50 lected at the lower ends of the first evaporator section 
18 and the second evaporator section 22. The temper- 
ature on the outer surface of the hydrogen generation 
system 100 is about 100°C or lower because the first 
evaporator section 18 contains water in a liquid phase 

55 and saturated steam. Thus, fess heat is released to the 
surrounding. This increases the thermal efficiency of the 
hydrogen generation system 100. The openings 23 fa- 
cilitate rapid movement of the steam produced in the first 
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evaporator section 1 8, into tlie second evaporator sec- 
tion 22. increase In pressure in the first evaporator sec™ 
lion 18 by ttie increase in voiume of the steam produced 
can be reduced. As a result, the supply pressure of the 
water Y fluctuates less, and a constant amount of ste^ 
can be supplied from the steam outlet 24 to the reformer 
10, The catalytic reaction in the reformer 10 becomes 
steady. The fluctuation of the CO level in the refonned 
gas becomes small. 

[0033] The feed material X is supplied from the out- 
side through the feed inlet 19. It passes through the first 
evaporator section 18 and the second evaporator sec- 
tion 22 and flows Into the reformer 1 0 through the water 
vapor supply tubing 25. With this configuration, a hydro- 
gen -nch reformed gas is produced by steam reformation 
using the reforming catalyst in the reformer 10. Steam 
refomiation is a heat-absorbmg (endothermic) process 
that occurs at a high temperature of about 700^C. 
Therefore, steam reformation requires a supply of addi- 
tional heat from the combustion gas in this case, The 
reformed gas thus generated flows through the re- 
formed gas passage 11 and is exhausted through the 
reformed gas discharge port 27 to the fuel cell 1 01 , 
[0034] The feed material X is preheated by the heat 
transfer from the combustion gas when ft passes 
through the first evaporator section 18 and the second 
evaporator section 22. This mcreases the thermaf effi- 
ciency of the hydrogen generation system 100, Fins 
may be provided in the first evaporator section 18, 
somewhere on the side of first evaporator section 1 8 In 
the second evaporator section 22, and somewhere on 
the side of the combustion gas passage 1 2 in the second 
evaporator sectf on 22 in order to increase a surface area 
available for the heat transfer. The fins increase the 
amount of water Y to be evaporated. 

(Second Embodiment) 

[0035] Fig. 3 is a cross- sectional view that schemati- 
caNy shows a configuration of a hydrogen generation 
system 1 00 according to a second embodiment of the 

present invention. As shown in Fig. 3, a round bar which 
sen/es as a flow passage restrbtor is wound spirally in 
the hollow cylindrical first evaporator section 18. The 
round bar forms a helical flow passage 18A in the first 
evaporator section 1 8. Temperature sensing means 32 
is provided befow the first evaporator sectior^ 18 and the 
second evaporator section 22, The temperature sensing 
means 32 Is formed of a temperature sensor for meas- 
uring temperature at the bottom of the first evaporator 
section 18 and the second evaporatorsection 22, A heat 
exchanger33 is provided around the water vapor supply 
tubing 25. 

[0036] Other components and parts of the hydrogen 

generation system 100 accordmg to this embodiment 
are similarto those described in conjunction with the first 
embodiment. Accordingly such components and parts 
are depicted similar reference numerafs and description 



thereof will be omitted. 

[0037] Next, operations of the hydrogen generation 
system 1 00 that is configured according to this embod- 
iment are described. 

5 [0038] The water Y supplied from the outside through 
the water inlet 20 moves downward along the round bar 
in the helical flow passage 18A. The movement of the 
water Y along the spirally wound round bar31 increases 
Ihe resident time of the water Y In the first evaporator 

10 section 18. in addttion, the water Y Is distributed uni- 
formly in the peripheral direction. This increases the 
amount of heat transfer from the combustion gas, in- 
creasing the amount of steam available for steam refor- 
mation . Accordingly, a higher conversion rate of the feed 

15 material X can be achieved to increase the ^ount of 
hydrogen in the reformed gas, 

[0039] In order to allow the water Y to stay in the first 
evaporator section 18 as long as possible, and to pro- 
vide a uniform distributcon of the resident water Y m the 

so peripheral direction, such a configuration is suitable that 
can avoid the fafling of the water Y to the bottom of the 
first evaporator section just after the supply to it. This 
means that the flow passage 1 8A is not limited to a hel- 
ical one. What is required Is a flow passage restrlctor is 

^5 provided to move water or steam in at least the periph- 
eral direction. 

[0040] The heat exchanger 33 exchanges heat be- 
tween the steam flowing through the water vapor supply 
tubing 25 and the combustion gas. The heat of the com- 

30 bustion gas Is collected to further Increase the thermal 
efficiency of the hydrogen generation system 100. 
[0041 ] The temperature sensing means 32 measu res 
the temperature of the first evaporator section 18 and 
the second evaporator section 22 at the bottom of them. 

55 The measured Lemperature may be used as an indicator 
to determine whether the water Y b In the bottom of the 
first evaporator section 1 8 and/or of the second evapo- 
rator section 22 or the water is dried out. For example, 
when the measured temperature is lower than a prede- 

40 termined temperature, it can be expected that the water 
Y is present at the bottom of the first evaporator section 
1 8 and the second evaporator section 22. In response 
to this determination result, the supply amount of the wa- 
ter Y Is decreased to ensure the evaporation In the first 

45 evaporator section 1 8 and the second evaporator sec- 
tion 22. 

[0042] A helical flow passage similarto the helical flow 
passage 1 8 A may also be provided in the second evap- 
orator section 22. In such a case, the steam flowing 
50 through the second evaporator section 22 resides there- 
in for a longer period of time. The temperature of the 
steam rises accordingly. 

[0043] The helical flow passage 1 BA may be formed 
by providing a spiral rib on the partition wall 21 instead 
55 of the round bar 31 > 
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(Third Embodiment) 



Claims 



[0044] Fig. 4 is a cross-sectionaJ view tliat schemati- 
cally shows a configuration of a hydrogen generation 
system according to a third embodiment of the present 
invention. As shown in Fig, 4, a hollow cylmdncal com- 
bustion gas passage 12A is fitted around a first evapo- 
rator section 18. The combustion gas passage 12A is 
coaxial with the first evaporator section 18. A combus- 
tion gas discharge port 15 is formed at a lower portion 
of the combustion gas passage 1 2A. A water preheating 
section 41 \s arranged In an upper portion of the hydro- 
gen generation system 100 to heat the water Y fed to 
the first evaporator section 18, by using tlie combustion 
gas, 

[0045] Other components and parts of the hydrogen 
generation system 100 according to this embodiment 
are similar to those described in conjunction with the 
second embodiment. Accordingly such components 
and parts are depicted similar reference numerals and 
description thereof will be omitted. 
[0046] Next, operations of the hydrogen generation 
system 100 that is configured according to this embod- 
iment are described. 

[0047] The combustion gas flowing along the second 
evaporator section 22 flows near the water preheating 
section 41 that is provided on the downstream side. The 
combustion gas then passes through the combustion 
gas passage 1 2A that is fitted around the first evaporator 
section 18 and exits the combustion gas passage 12A 
through the combustion gas discharge port 15. The wa- 
ter Y supplied to the water preheating section 41 Is pre- 
heated by the heat transfer from Ihe combustion gas, 
increasing the thermal efficiency. The combustion gas 
flows through the combustion gas passage i2A, so that 
the evaporation capacity is increased significantly be- 
cause of the heat transfer from the combustion gas to 
the first evaporator section 18. The temperature of the 
combustfon gas that leaves the combustion gas dis- 
charge port 15 can be decreased, which increases the 
thermal efficiency further 

[0048] Two or more of the above-mentioned embodi- 
ments may be combined to provide various hydrogen 
gensration systems depending on, for example, the ap- 
plicatrons and usage of a fuel ceH system having a hy- 
drogen generation system according to the present m- 
vention. 

[0049] Numerous modifications and alternative em- 
bodiments of the invention will be apparent to those 
sl<iNed In the art in view of the forgoing description. Ac- 
cordingly, the description is to be construed as illustra- 
tive only, and is provided for the purpose of teaching 
those skilled m the art the best mode of carrying out the 
invention. The details of the structure and/or function 
may be varied substantially without departing from the 
spirit of the invention- 
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A hydrogen generation system comprising: 

a burner unit that generates combustion gas; 
a combustion gas passage through which the 
combustion gas generated by said burner unit 
flows; 

a refomier for generating a reformed gas that 
contains hydrogen by steam reforming from a 
feed material andsteam using the heat from the 
combustion gas, the feed material containing a 
compound made up of at ^east carbon and hy- 
drogen; and 

an evaporator for evaporating water from out- 
side into steam using the heat from the com- 
bustion gas flowing through said combustion 
gas passage, to supply the steam to said re- 
former wherein 

said combustion gas passage is arranged to 
cover at least a portion of an outer surface of 
said reformer, and said evaporator \s arranged 
to cover at least a portion of an outer surface 
of sard combustion gas passage. 

The hydrogen generation system as claimed m 
Claim 1, wherein said evaporator includes a first 
evaporator section having an inlet for water or 
steam, and a second evaporator section having an 
outlet for steam, the second evaporator section be- 
ing disposed inside the first evaporator section and 
disposed outside said combustion gas passage, the 
first evaporator section and the second evaporator 
section being separated from each other with a wall, 
the way having at least one opening formed therein. 

The hydrogen generation system as claimed in 
Claim 2, wherein said evaporator has a hollow cy- 
iindrical space enclosed by an outer cylinder and an 
inner cylinder, the first evaporator section and the 
second evaporator section b^ng formed by placing 
a cylindrical wail In the hollow cylindrical space. 

The hydrogen generation system as claimed In 
Claim 3, wherein the first evaporation section has a 
ffow passage restrlctor along the periphery thereof, 
the flow passage restrlctor defining the flow pas- 
sage for water or steam. 

The hydrogen generation system as claimed in 
Claim 4, wherein the flow passage restrlctor defines 
a helical path for water or steam. 

The hydrogen generation system as claimed in 
Claim 2, wherein the first evaporator section has an 
Inlet for the feed material. 



7. The hydrogen generation system as claimed in 
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Claim 2, wherein a temperature sensor unit is pro- 
vided in the vicinity of the lower end of sa(d evapo- 
rator. 

8. The hydrogen generation system as claimed in 
Claim 2, configured to allow heat exchange be- 
tween the steam and the combystion gas In a paih 
from an outlet of the steam formed tn the second 
evaporation section to said reformer, 

9. The hydrogen generation system as claimed in 

Claim 2, whereio a combustion gas passage is dis- 
posed outside the first evaporation section. 

10. The hydrogen generation system as claimed in ?5 
Claim 2 , further comprising a water preheating unit 

for heating water or steam to be supplied to the first 
evaporation section, using the combustion gas. 

11. A fuel cell system comprising: 20 

a hydrogen generation system according to 
Claim 1; and 

a fuel cell that generates power by reacting ox- 
idation gas contaming oxygen with reformed 
gas supplied from said hydrogen generation 
system. 
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(54) Hydrogen generation system and fuel cell system having the same 



(57) To provide a hydrogen generation system with 
which thermal efficiency increases, the CO level m a re- 

fornned gas stabilizes, and a supply amount of the re- 
formed gas stabilizes, and a fuel cell system having the 
same, 

A hollow cylindrical reformer 10 surrounds a com- 
bustion chamber 17. A hollow cylindrical combustion 



gas passage 12 Is fitted around the reformer 10. A hol- 
low cylindrical evaporator 28 is fitted around the com- 
bustion gas passage 1 2. The evaporator 28 is coaxial 
w£th the combustion cylinder 17. The evaporator 28 is 
formed of a first evaporator section 18 and a second 
evaporator section 22 that is s^arated from the first 
evaporator section 18 via a partition wail 21 . A plurality 
of openings 23 are fomned in the partition wall 21 . 
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